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Introduction
The storage of spent nuclear fuel (SNF) is in intermediate stage of the nuclear fuel cycle •
between the utilization of the fuel in a NPP and the reprocessing or final disposal.

The storage of SNF requires special technologies because of the high radioactivity
(-1 Ci/g, -10+5 n/s.kg), the residual heat MW/kg), the generated plutonium (5-10 kg/t U)
and the hazard of radioactive contamination in case of fuel degradation.

The SNF is a special type of radioactive product generated during the work of nuclear
power plants. The common feature between SNF and highly radioactive wastes (HRW) is
that the planned final repositories are both for SNF after preconditioning procedures and
HRW.

1 . The problem of SNF.

Up to 1993 more than 120000 t heavy metal (tHM) of SNF from LWRs and HWRs have
been generated. Only 5000 tHM have been reprocessed without the fuel for -2201 military
plutonium. [1,2] The expected capacity of the reprocessing plants in 1995 is - 5800 t/a at
generation rate of -10 000 12 000 tHM/a. If the new plant in Russia is put into operation the
reprocessing capacities will increase with two lines of 1500 t/a each. The plant in
Krasnoyarsk is planned for VVER-1000 fuel but its construction is temporarily stopped
(1994).

The amount of generated fuel worldwide is greater than the total capacity of all
reprocessing plants but nevertheless the plants are not loaded the reprocessing plant in
Sellafield has commenced work at the beginning of 1994 although it has been in condition
for operation for a long time. The reason for the postponement is that the contracts for
reprocessing do not guarantee continuous and profitable process. The high reprocessing
price makes most of the potential customers to defer the decision for reprocessing or
disposal.

The estimated reprocessing capacity for LWR fuel is summarized in Table 1 [3] :

Table 1

SNF Reprocessing capabilities, tHM:

France
UK
Russia
Japan
total:

1992
1200

0
400
100
1700

1995
1600
1200
400
100

3300

2000
1600
1200
400
900
4100

2005
1600
1200
400
900
4100

2010
1600
1200
400
900
4100

The capacity of the reprocessing plants after the year 2000 is expected to be able to
handle the fuel from -160 reactors of the VVER-1000 type.

Approximately 50% of the total quantity will be generated in countries which have
accepted or are close to accepting the option for final disposal without reprocessing:
Canada, Sweden, Spain, Finland, USA.
Another group of countries support the reprocessing option: UK, France, Belgium,
Argentina, China, Italy, Russia, Germany, Japan etc.
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Japan and other countries have invested in research projects for reprocessing of SNF with
partitioning of Pu, Am, Cm and other transuraniums, and also of long living fission isotopes
(Cs-137, Sr-90). Both options are investigated for final disposal of the separated isotopes
and also transmutation of the long living isotopes fissioning with fast and thermal neutrons
for the actinides and photonuclear reactions for the Cs and Sr. Most of the efforts are for
the plutonium isotopes [4,5].

The existing stockpiles of plutonium are planned to be reused in MOX fuel. In Japan,
France, Belgium and other countries there are facilities for production of MOX fuel. The
estimations are that the mixed oxide fuel can reduce the rate of plutonium generation by
1/3 and the already separated plutonium can be "burned" in the beginning of the next
century. 30 reactors in Europe have already been licensed for use of MOX fuel.

A third group of countries without reprocessing or repository capabilities store the SNF in
wet or in dry storage facilities and have delayed the decision waiting for further
development of the technologies and reduction of the cost of the back end. Approximately
14 countries have accepted the policy of "deferred decision", 9 of them together with the
option for reprocessing or final disposal. (Argentina, Czech republic Finland. India, Italy,
S. Korea, Lituania, Mexico, Pakistan. Slovenia, S. Africa, Spain, Ukraine)
Bulgaria in an IAEA report is attributed to the group of countries with deferred decision [6].

The greater part of these countries have constructed or planned facilities for storage of
SNF for all the fuel which is expected to be yenerated until the end of the operation period
oftheNPPs.

The conclusion from the present paragraph is that:

a) although the capacity of the reprocessing plants is more than two times less the
generation rate of SNF, the plants are not loaded. Approximately only 5% of the total
amount of generated SNF has been reprocessed;

b) the number of countries which have delayed the decision for the back end of the
nuclear fuel is significant;

c) no big quantities of SNF have been diposed -off in final repositories. The first
repository is expected to start operation near the end of the centrury.

OR: there is a demand for SNF storage capacity.

2. Technologies for SNF storage.

The existing technologies are wet and dry storage of SNF [7,8,9].
The wet storage is an already developed technology and there are no communications for
fuel degradation during.wet storage. For dry storage of uranium dioxide fuel inert
atmosphere is necessary for temperature above 150 C since for failed fuel pins additional
oxidation occurs and the cladding can be damaged.
In the last years new technologies were developed for dry storage of LWR fuel in inert
atmosphere, double barrier, fuel control and passive cooling.

2.1. Wet storage of SNF [7,8].

The wet storage is only for intermediate storage of SNF. The projected terms of storage is
in average 40 y, the maximal term is -60 y.
The wet storage is considered to be an already developed technology. Some work is still
continuing on consolidation of fuel, criticality calculations with Keff=0.95 and further
nuclear safety improvements.
The quality of the water is maintained by:

- on exchange systems;
- filters;
- systems for cleaning the surface of the water;
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- sucking systems for the bottom of the pools;
- systems for scrubbing the walls of the pools, especially at the boundary air/water.

In most of the wet facilities there is a space between the liner and the concrete for leak
control;
The fuel consolidation with boron absorbers between the assemblies is a practice both for
AR and AFR pools.
The radioactivity release in the environment from wet facilities (AFR) is negligible and in
some cases it is beyond the limit of detection.
The major radioactive wastes from AFR pools are ion-exchange resins.

The basic disadvantages of the wet technology are:
a) adtive systems for supply and purification of water;
b) possibility of loss of water for beyond project accidents. In case of loss of water

the fuel can be damaged from overheating.

2.2. Dry storage of uranium-dioxide SNF [9,10,11].
Dry storage with passive cooling with air has the inherent possibility for storage for more
than a 100 y. The present technologies are for terms of 40-60 y. The declared terms of 40-
60 y is due mainly to the lack of experience for long storage. There are communications
for projects over 100 y [ 10].
At present the dry storage terms are comparable with those for wet storage . If the storage
period is increased over 100 y that will be a strong advantage over the wet technology.
The developed technologies for dry storage make possible safe storage in regions with
increased seismicity.
The major deficiency of the UO2 fuel is the possible further oxidation to U3O8 when
stored in air and high temperature. If there are defective fuel pins the cladding can be
damaged since U3O8 has less density than UO2 . When the fuel is further oxidized the
original crystal lattice changes and the ability to retain the fission fragments decreases
rapidly.

When the fuel is oxidized to U3O7 the volume of the fuel is not changed since the densities
of UO2 and U3O7 are the same. When the temperature is lower and the content of oxygen
is less the fuel is oxidized to U3O7.
For temperature below 300C the rate of the reaction decreases by an order of magnitude
each 30 degrees [12,13].

According to a 1990 research snfe temperature for storage of defective fuel in air for 30 y
is 135-160C [10]. For inert atmosphere with 1% oxygen for 30 y the upper limit of the safe
temperature is estimated 210-220C. There are more general estimations that probably
acceptable temperatures for which the oxidation of SNF will not lead to observable effects
is below 200C [9].

According to 1992 estimations non-defective fuel can be safely stored in air for 30 y at
330C[11].

The possible solutions for dry storage of SNF are:

- storage in containers in inert atmosphere;

- storage of defective fuel in inert atmosphere;

- storage of the fuel below the oxidation threshold temperature.

The basic principles which have to be observed when facilities for dry storage are
designed are:

- two independent barriers;

- possibility for fuel control;

- possibility for fuel retrievability.
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The developed technologies for dry storage arc divided into two major classes - double
purpose technologies - for transport and storage, and technologies only for storage.

Typical representatives of the double purpose technology are the CASTOR and TN-AVR
casks. The casks are filled with hd;um, have partial shielding for gamma-rays and
neutrons. The seal is double with the option for control of possible helium leak between
them. The stored in vaults casks aru cooled passively by air. In the last years modular
facilities with passive cooling for dry storage of LWR fuel with burnup up to 50 MWd/tU
have been developed.
The modular facilities are divided into two types - vault types in which the increment is in
large "portions" and facilities which consist of small modules for 1 - 4 canisters for 15-20
fuel assemblies each.

Modular vault facility is the storage facility built by GEC Alsthom for gas-cooled reactors.
Similar facility is the one in Cadarache although not modular (the proposed by SGN facility
is modular). In these facilities the fuel assemblies are sealed each in a separate tube in
helium or nitrogen atmosphere and one or several such tubes in one common vertical
larger sealed tube passively cooled by air. Such a system allows the control of possible
helium leaks in the larger tube. GEC Alsthom Engineering Systems ltd have a license for
modular vault dry storage facility (MVDS) in Fort Saint Vrain (USA) and also a proposed
project for Paksh. The operations in the MVDS are remote and automatic.

A typical representative of small modular facility with passive cooling with air is the
NUHOMS system. In USA by NUTECH (beginning 1980 r, NUTECH, DOE, Electric Power
Research Institute, Carolina Powcr&Light) a horizontal modular system for SNF has
been developed (Horizontal Modular Storage - NUHOMS). The system is passive and
consists of two modules - heavy shielding module - HSM and dry storage canister - DSC.
Because of the modular type and cheap materials (concrete for HSM) it is considered that
the system has economical advantages compared to other technologies. The modular
type makes possible the building of a high capacity facility without considerable initial
investments.

The dry canister is a stainless steel cylinder in which there is a gasket with sleeves for the
assemblies. The leak tight bottom is guaranteed by the in-factory checked welding. The
front end is sealed by two independent welds performed by automatic welding machine.
During the fuel storage period the condition of the fuel is not controlled. The ihermal
capacity of the DSC is 20 kW or 24 fuel assemblies from VVER-1000 can be stored in the
DSC after 5 y cooling in AR or AFR pools. The cooling gas is either helium or nitrogen. The
approximate collective exposure is 10 mSv.man per cask transportation and loading in
HSM.

There are communications (1993) for further development of the system in Japan for better
seismic safety.

In 1993 a similar system was reported developed by AECL with vertical storage of
canisters in concrete modules [11]. The MACSTOR system includes storage canister,
transport cask with gamma- and neutron shielding and modular facility for vertical storage.
The system MACSTOR is designed for LWR fuel which is a new field for Canada and
therefore Nuclear Fuel Handling Services Transnuclear Inc. (TNI) are consultants for
MACSTOR.

In 1994 there were reports for a development of a multi-purpose cask, MPC, for transport,
storage and final disposal [14]. The DoE of USA supports the projects mainly because of
incompatibility of different systems for storage and transport which requires additional fuel
reloading, inefficient use of equipment and generation of contaminated and activated
equipment. The additional fuel operations increase the cost of the fuel back-end.
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3. The problem of SNF in Bulgaria

At the signing of the contracts for the nuclear power reactors in Kozloduy the Soviet
partners took the obligation for returning back of the generated SNF for the life of the
plants. These obligations were strictly observed for nearly 10 y and all generated spent
fuel assemblies 3086 were returned to the Soviet Union. In 1979 the Soviet side insisted on
building of a AFR facility which was to be put in operation in 1985. The purpose of this
Intermediate storage facility was to give time for the construction of the reprocessing plant
In Krasnoyarsk. In 1987 the Bulgarian application for SNF export was denied since there
was no Uee storage pools and the construction of the reprocessing plant had not yet
started.

The AFR facility in Kozloduy was put in operation with a 3 y delay and the Soviet Union
accepted SNF as an exception in 1988.

At the moment (Nov.1994) approximately 1800 fuel assemblies are stored in the AFR
facility and some 1060 in the AR pools.

The short description of the problem shows that at present Bulgaria does not formally
belong to the group of countries with "deferred decision". Deferred decision means that the
decision for reprocessing or final disposal will be taken after a certain period e.g. 30 -50 y.
At present the national policy is to export from the county of the SNF ( in our case for
reprocessing). No decision has been taken for building of facilities for intermediate
storage for all SNF which is expected to be generated till the end of the plant life.

There are certain economic advantages of the policy of "deferred decision" for a part of the
SNF. A very careful analysis has to be performed for the various options of the "deferred
decision", most probably with dry storage technologies, which in the end will include
reprocessing or final disposal. The decision concerns approximately 12000 fuel
assemblies for a term of 40-50 y.

When the technologies are estimated besides the nuclear safety features some additional
parameters have to be considered:

- compatibility of the possible technologies for transport to the reprocessing plants or
final disposal preconditioning facilities;

- minimization of the operations for reloading, especially for reloading under water
after intermediate dry storage.

- participation of Bulgarian companies.

The existence of the AFR facility in Kozloduy is an advantage which has its place in the
different schemes for fuel storage. The facility can be used for intermediate storage,
loading and reloading operations, buffer storage capacity, intermediate storage before
dry storage after 10 cooling period in the AFR pools the residual heat decrease more than
two time compared to 3 y cooling period. .

4. Conclusion

The AFR facility is with limited capacity, it is designed only for VVER-440 fuel although
within an year it will be technical!'/ possible to transport and store VVER-1000 fuel. The
AFR facility has also licensing problems clue to increased safety requirements. Work is
going on for improvement of the hcility in order to comply with the new requirements but
nevertheless its operation will only postpone the problem with 3-4 y.

There is very little time for solvinq the problem of SNF in Kozloduy.

The problem of SNF faces all countries which operate NPPs but each county has
developed its national policy - final disposal, reprocessing, deferring the decision. In the
last case there are storage facilities for all the fuel which is expected to be generated and
also there are allocated funds for the back end.
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The developed in the last 10 y technolc gics for modular dry storage with passive cooling
have significant advantage - minimal maintenance, increased level of safety, prolonged
investment periods, reduction of the generated heat in time which is considered as a an
argument for possible storage term extension. Those advantages of the dry storage
modular technologies can help for the solving of the problem of SNF in Kozloduy.
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